Patients with cancer-associated ischemic stroke pose similar clinical manifestations and image characteristics, mainly embolic infarction, as patients with atrial fibrillation do. D-dimer, a degraded product of fibrin polymer, is a useful indicator of hypercoagulability, which frequently increases in cancer-associated stroke, but not in stroke resulted from atrial fibrillation. The level of serum D-dimer is associated with mortality, prognosis, and recurrence of systemic thromboembolism in these patients. Theoretically, drugs block coagulation cascade, such as heparin and low-molecular-weight-heparin (LMWH), oral direct anticoagulants, could attenuate the status of hypercoagulation and decrease the amount of D-dimer. These drugs may be helpful to prevent thromboembolic events in patients with cancer-associated hypercoagulability. Vitamin K antagonist, warfarin, decreases the production of coagulation factors, but not interrupts coagulation cascade may not be helpful to decrease hypercoagulability, but increase the risk of bleeding. However, the treatment of cancer-associated embolic stroke is still controversial. This article reviews relevant clinical studies and proposes the applicability of direct oral anticoagulants from the pathophysiological mechanism.
Introduction
T hrombosis is a well-known complication of cancer [1] [2] [3] . It causes either arterial thromboembolism or venous thrombosis before the diagnosis or during the treatment of cancer [4] . On the other hand, patients with thromboembolism of unknown causes sometimes have occult cancer [5, 6] . A recent study found that occult cancer associated with unproved venous thromboembolism usually had poor outcome [7] . Although ischemic stroke is not the most common complication of cancer-associated thrombosis, it worsens the patient's life quality and indicates a poor prognosis [8] [9] [10] . Unlike a conventional ischemic stroke, the cancer-associated stroke usually presents embolic features at more than one vessel territory or at the border zone areas [11] [12] [13] . Since there is no significant causes after serial investigations including transesophageal echocardiography, Holter electrocardiogram, and computed tomography/magnetic resonance angiography, cancer-associated stroke have ever been classified as a cryptogenic stroke. Cancer survey is suggested [14, 15] . D-dimer, a degraded product of fibrinolysis, has been used as an indicator of hypercoagulability caused by heterogeneous etiology in the clinical practice [16] . Tremendously, increased D-dimer has been found in patients with cryptogenic stroke and occult cancers as compared with the stroke patients without cancer [17, 18] . The serum level of D-dimer correlates with are warranted to prevent recurrent strokes in the patients with cancer-associated hypercoagulability [23] . However, cancer patients with conventional oral anticoagulant, Vitamin K antagonist, experience liability of international normalized ratio (INR) and have difficulty in maintaining therapeutic ranges [24] , which results in a dilemma between of risk of recurrent stroke if not using anticoagulants or tendency of massive bleeding during necessary surgeries or cancer per se. Although some clinical consensuses suggest administrating LMWH in cancer-associated thrombosis, especially for venous thromboembolism [25, 26] , this recommended therapeutic option is burdensome and lowers medication adherence. In a current study for patients with cancer-associated thrombosis, warfarin and direct oral anticoagulants (DOACs) are least as similarly utilized as LWMH [27] . DOACs are potentially useful and convenient choices. A recent clinical trial showed noninferior effect of DOACS to LWMH for venous thromboembolism in cancer patients [28] . However, there are just few articles concerning the applicability of anticoagulants in the stroke patients with cancer-associated hypercoagulability.
Secondary prevention for stroke patients with cancer-associated hypercoagulability
Although ischemic stroke is not uncommon in patients with cancer-associated hypercoagulability, there are limited literature and no clinical consensus concerning secondary prevention of stroke for patients with cancer-associated hypercoagulability. The application of anticoagulants remains controversial. In a series of 268 stroke patients with active cancer, to correct hypercoagulability by anticoagulants with decreased D-dimer could improve 1-year survival in the stroke patients. Thus, optimal anticoagulant therapy may be warranted to prevent recurrent strokes in patients with cancer-associated hypercoagulability. However, the authors did not show what anticoagulants had been used in this paper [23] . The application of anticoagulant in stroke patients with cancer-associated hypercoagulability is till controversial. A recent claimed data analysis in the United States evaluated the occurrence of stroke and risk of bleeding among the atrial fibrillation patients with history of cancer. The results found that early cardiology involvement with oral anticoagulant reduced the risk of stroke with an increase of bleeding in patients with either active or remote history of cancer [29] .
The following antiembolic agents have ever been used in the secondary prevention of cancer-associated stroke [ Table 1 ].
Warfarin
Warfarin is the oldest anticoagulant used for thromboembolism. It inhibits blood clot formation by blocking Vitamin K epoxide reductase, which synthesizes coagulation factors II, VII, IX, and X in the liver. Warfarin has been used for stroke prevention for patients with atrial fibrillation and valvular heart diseases for a long time. It has ever been suggested as an alternative therapy for cancer-associated thromboembolism when LMWH was not available [26] . The difficulty to maintain adequate INR due to multiple drugs, drug-, or food-drug interactions is a trouble issue in clinical practice [35] . In addition, increased bleeding risk limits the application of warfarin in cancer-associated hypercoagulability [36] . The studies about the benefits and hazards of warfarin for cancer-associated stroke are lack. In views of pathophysiology, the antithrombotic effect of warfarin is by means of inhibiting the formation of coagulation factors but not attenuating hypercoagulability [ Figure 1 ]. It proposes the increased bleeding tendency caused by warfarin in patients with cancer-associated stroke [36] .
Heparin and low-molecular-weight heparin
Heparin and LMWH block hypercoagulation by activating antithrombin III [ Figure 1 ]. There were few papers showing the benefits of heparin on the acute stage of patients with cancer-associated stroke, by decreasing D-dimer in the serum. It improved 1-year survival of the patients. Long-term follow-ups were lacked [23, 37] . Due to ease in administration and stable half-life, LWMH has been recommended in several clinical guidelines for the treatment of patients with deep vein thrombosis [38, 39] . There are few papers mentioning the effect of LMWH in secondary prevention of stroke in cancer patients. In a series of 79 patients with cancer-associated stroke, 29 patients receiving LMWH and 50 patients taking warfarin, the results showed that LMWH decreased D-dimer level. However, the recurrence of stroke was not demonstrated in this paper [30] .
Direct oral anticoagulant-dabigatran, rivaroxaban, apixaban, and edoxaban
Several DOACs, including direct thrombin inhibitor (dabigatran), and Xa inhibitors (rivaroxaban, apixaban, and edoxaban) have been used in pulmonary embolism, deep vein thrombosis, nonvalvular atrial fibrillation, and valvular heart disease. Up to these, anticoagulants have only been proved for stroke prevention of nonvalvular atrial fibrillation [40] . There are only a few studies on the efficacy of DOACs for stroke prevention in cancer patients. Laube et al. reported 163 patients had atrial fibrillation and active cancer receiving rivaroxaban for primary stroke prevention. They found that the 1-year cumulative stroke rate was 1.4%, and the major bleeding rate was 1.2%. The efficacy of stroke prevention and risk of bleeding was comparable to the results of ROCKET-AF study in the general population [32, 41] .
Another hospital-based retrospective study, enrolling seven patients receiving DOACs, (five patients receiving dabigatran and two patients taking rivaroxaban) and 41 patients being treated with LMWH, demonstrated that DOACs had similar clinical outcomes, and less major bleeding as compared with LMWH did in secondary prevention for patients with active cancer and cryptogenic stroke [31] . Recently, a large retrospective study from claimed database disclosed the efficacy and safety of DOACs as compared with warfarin in patients with atrial fibrillation and active cancer. It showed that DOACs were more effective in preventing deep vein thrombosis than warfarin was. They were similar to or superior to warfarin in stroke prevention and less major bleeding though it lacked statistical significance [33] . A clinical trial, ENGAGE AF-TIMI 48, recruited 21,105 atrial fibrillation patients with new or Severe bleeding warfarin 8.18%/year HDER 7.92%/year LDER 5.95%/year § Similar to those presented in the ROCKET-AF study in the general population, *As compared with warfarin. LMWH: Low-molecular-weight heparin, AP: Antiplatelet agents, DOACs: Direct oral anticoagulants, HDER: High-dose edoxaban (60 mg/day), LDER: Low-dose edoxaban (30 mg/day), VTE: Venous thromboembolism, Af: Atrial fibrillation, HR: Hazard ratio recurrent cancer treated with warfarin or edoxaban. Over a median of 495-day follow-up, there were 1153 patients got new or recurrent malignancy. These patients were divided into three groups for warfarin (n = 395), 60-mg edoxaban per day (n = 390), and 30-mg edoxaban per day. The results show that malignancy associated with increased risk of major bleeding but neither stroke nor systemic embolism. High-dose and low-dose edoxaban decreased stroke and systemic embolic events as compared with warfarin, but there was no statistical significance. They also had a low tendency of major bleeding. There was no statistical significance either [34] .
Due to DOACs are suggested for stroke prevention for patients with nonvalvular atrial fibrillation, but not for cancer-associated stroke. The aforementioned studies are assessed the safety and risk of DOACs in patients with atrial fibrillation with active cancer, either recurrent or newly diagnosed not for pure cancer-associated stroke. A clinical trial, anticoagulation in cancer-related stroke (OASIS-CANCER, NCT02743052) would be completed in December 2018. The achievements of this study may offer more useful information about the efficacy and safety of DOACs for stroke prevention in cancer patients.
Unlike, the usage of INR in monitoring the effect of warfarin, it is suggested that coagulation assessments are not necessary for the patients receiving DOACs. However, drug-drug interaction through cytochrome CYP3A4 and P-glycoprotein competitor should be taken in to account. Chemotherapy, hormone therapy, immunotherapy, immunosuppressant drugs, and even antiemetics influence the metabolism of DOACs may increase the risk of major bleeding or the risk of recurrence of ischemic stroke [42] . Furthermore, the bleeding tendency with thrombocytopenia, or repeated major surgical procedures or even tumor bleeding are usually found in patients with active cancer. The complexity of patients with active cancer and associated stroke increases the necessity of reliable assessments and effective reversal agents during the application of DOACs. Dabigatran is the only DOACs can be revered by its antidote, idarucizumab [43] . That might be a crucial point for the choice of DOACs for active cancer patients with cancer-associated stroke. Off-label usage of DOACs should be taken into account. The payment of DOAC for stroke prevention in patients with hypercoagulability may not be allowed by many insurance systems such as Taiwan's National Health Insurance. In addition to increasing the financial burden of the patients, the off-label prescription may let the physicians fall into embarrassments or lawsuits while massive or unpredictable hemorrhage exists. Therefore, the physicians should prescribe DOACs with caution and comprehensively elucidate the dilemma of choice to the patient and patient's family.
Conclusion
Cancer-associated stroke is not an uncommon neurological disease. In several patients, cerebral infarction occurred before the diagnosis of cancer. Multiple embolic strokes with elevated D-dimer alert the possibility of occult cancer. Serial cancer survey may be indicated. Currently, LMWH is recommended for cancer patients with deep vein thrombosis, and it is also suggested for secondary prevention of cancer-associated stroke. Repeated subcutaneous injections decrease the drug adherence. In views of pathophysiology, DOACs may be the choices of treatment.
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